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centrated solutions.
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The cell membrane plays an important role in amyloid toxicity in relation to
Alzheimer’s disease. The membrane’s composition and the inclusion of small
molecules, such as melatonin and cholesterol, may alter the membrane’s struc-
ture and physical properties, affecting its interaction with amyloid peptides.
Both melatonin and cholesterol have been linked to amyloid toxicity. Melato-
nin has been shown to have a protective role against amyloid toxicity, while the
underlying molecular mechanism of this protection is still not well understood.
Here we have studied the non-specific interaction of melatonin and cholesterol
with a model lipid membrane. We used small-angle neutron diffraction
(SAND) from oriented lipid multilayers and small-angle neutron scattering
(SANS) from unilamellar vesicles experiments to elucidate the structure of
DOPC and DPPC model membrane in order to determine the effects of mela-
tonin and cholesterol. From the present study we conclude that cholesterol and
melatonin affect the lipid membrane differentially. Specifically, the incorpora-
tion of melatonin results in membrane thinning, in stark contrast to the increase
in membrane thickness induced by cholesterol. This very different response of
membrane thickness to cholesterol and melatonin may help to understand their
relation to amyloid toxicity.
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Small-Angle Neutron Scattering (SANS) is well-suited to study structure and
function of protein in solution by exploiting the natural scattering contrast dif-
ference between proteins and other biomolecules such as lipids and nucleic
acids. The combination of high neutron flux and low experimental background
makes the Bio-SANS instrument at ORNL’s High Flux Isotope Reactor (HFIR)
an ideal tool to study proteins and other biomolecules within complex biolog-
ical assemblies and composites, in situ and in-vivo. The procedures used for
protein solution scattering at the Bio-SANS are presented here. The scattering
signal is collected by a newly-developed Linear Position-Sensitive Detector
(LPSD), which has a count rate capability of at least one million neutrons
per second. It enables the Bio-SANS to utilize the full potential of the intense
cold neutron source at HFIR. The detector-to-sample distance is adjustable
from ~1m to ~15.3m to provide q-range from 0.0009 1/A˚ to 0.7 1/A˚. The
data collected at different distances are corrected against dark current, pixel ef-
ficiency, sample transmission and geometry to produce 1D profiles to be
merged into a full scattering data set. A calibrated standard sample or direct
beam intensity is used to obtain the absolutely scaled intensity of protein scat-
tering. A few examples are presented here to demonstrate the procedure and the
capability. They include scattering from protein crowded by another protein,
membrane protein in a membrane-mimic environment, etc.
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The structural organization of chromosomal partition assembly, which partici-
pates in chromosome partition in many bacteria, is poorly characterized. The
partition protein ParB spreads on a large segment of DNA encompassing the
centromeric parS site(s) to form the partition assembly, which is a higher order
nucleoprotein complex of unknown nature. The partition assembly interacts
with a number of proteins with diverse biological roles such as ParA, SMC pro-
teins and origin tethering factors. We characterized the cross-sectional size pa-
rameters and internal organization of the partition assembly using solution
X-ray and neutron scattering with hydrogen/deuterium contrast variation.
Our data is consistent with a ‘‘DNA outside, protein inside’’ mode of partitionassembly organization, in which the DNA is wrapping the protein from outside.
In addition, we showed that mycobacterial ParA forms apparently ring-shaped
polymers in vitro by electron microscopy. Based on our data, a testable model
of interaction between the ParA polymer and the ParB-DNA partition assembly
is proposed.
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Nucleosomes are the fundamental structural units of chromatin. A mononucleo-
some is comprised of 147 base pairs of DNAwrapped around a heterooctameric
core of histone proteins that include H2A, H2B, H3, and H4, and other naturally
occurring functional variants. In the mid-1970s, the SANS technique was key
to the determination of the composition, structure, and conformation of the
DNAwithin this basic unit, fifteen years before the first x-ray diffraction results
were available. Small-angle scattering is a long-established technique that is
well-suited for the study of macromolecules in vitro, as they exist in solution.
Small-angle neutron scattering (SANS) is ideally suited to study nucleoprotein
complexes, since the neutron scattering strengths of the different macromole-
cules differ with respect to each other. By employing contrast variation tech-
niques, where the D2O:H2O ratio of the solutions is systematically varied,
the gross structure and distribution of the individual components of a composite
particle can be resolved in a model-independent fashion.
We will present work which revisits these decades-old canonical measurements
with a modern perspective. Experimental neutrons from beam line CG-3 at the
ORNL High-Flux Isotope Reactor (HFIR) were successfully utilized to study
reconstituted mononucleosomes by contrast variation. Our work marries this
method with analytical centrifugation and the atomistic modeling approaches
implemented in the program SASSIE. This approach allows us to directly rec-
oncile available atomic structures with their solution properties, resulting in
complete single and ensemble solution models. As a result of this work, we
will present new insights into the distribution of the protein and DNA compo-
nents of the mononucleosome in solution, including the properties of histone
tails in solution and DNA wrapping. The methods presented provide an exper-
imental framework for future examination of variant nucleosome and
nucleosome-derived higher order assemblies.
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Hsp104 is a hexameric AAAþ disaggregase found in yeast. Hsp104 has two
key roles in vivo; thermotolerance and the regulation of prions. After thermal
or chemical stress Hsp104 has the ability, in collaboration with co-chaperones
Hsp40 and Hsp70, to remodel cytosolic aggregates and return proteins to their
soluble, native form. Its role in prion regulation is two- fold. In yeast, prions
function as non-genetic heritable traits. Hsp104 is required for prion propaga-
tion from mother to daughter through nucleation and fiber fragmentation, but
cures some prion phenotypes when overexpressed.
Hsp104 is a large, multidomain protein. Each monomer contains two AAAþ
domains resulting in an oligomeric species containing 12 sites of ATP hydro-
lysis. To date, there are no high resolution structures of either monomeric or
hexameric Hsp104, and little is known about how the protein changes in shape
during the ATPase cycle and how it uses these changes to exert remodeling
forces on a variety of substrates.
Here I present ongoing work that uses an in solution technique, SAXS, to study
the conformational changes of the Hsp104 hexamer during the ATPase cycle.
SAXS studies are well suited to the Hsp104 system due to the large size of the
particle, the large available yield after purification, the monodispersity of the
hexamer and the large changes that take place in the presence of different
nucleotides.
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ological systems. A common technique involves rapidly freezing the sample
and preserving it at cryogenic temperatures. However, this approach is only
applicable to small samples, whose sizes are usually less than several tens
of microns. To study 2D structures on a large, flat surface, we adopted the
slam-freezing technique by using a modified cryostat and a computer-
controlled linear motor. A special sample cell with an 80 mm-thick, double
side polished silicon wafer was designed, with the aqueous solution having
a contact area with silicon substrate of about 1 cm2. The influence of Polyeth-
ylene glycol (PEG) as a cryoprotectant was investigated. The aqueous solution
could reach vitreous state at a PEG concentration of about 50% (v/v), verified
by both in-situ grazing small angle X-ray scattering (GISAXS) and wide angle
X-ray diffraction (WAXD) experiments. 2D assembly of tobacco mosaic virus
(TMV) on lipid mono-layer grown on Octadecyltrichlorosilane-coated (OTS-
coated) silicon surface was tested under both native state (in solution) and vit-
reous state using slam-freezing technique. It was shown that current protocol
could significantly increase the dose tolerance of the sample in X-ray scatter-
ing experiments.
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A generalized method (termed Fast-SAXS-pro) to compute small angle x-ray
scattering (SAXS) profiles of proteins, nucleic acids, and their complexes is
presented.
First, the effective coarse-grained structure factors of DNA nucleotides, using
a two-pseudo-particle representation, are derived.
Second, measured SAXS data of a 18-bp DNA duplex is used to calibrate scat-
tering contribution from the solvation layer surrounding the DNA molecule,
which is further validated on a 25-bp DNA duplex.
The results show different scattering contributions from the solvation layers of
DNA, RNA, and protein.
To account for such a differential scattering in protein/nucleic acid complexes,
a simple model based on Fermi-Dirac distribution is introduced, where scatter-
ing from solvation water molecules depend on their proximity to protein and
nucleic acids.
The application of this Fast-SAXS-pro approach are illustrated for a protein/
DNA and a protein/RNA complex.
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Simplified geometric modeling can serve as a valuable source of information
about the structure and function of biological macromolecules, particularly
when an atomic resolution model of the molecule in question is not available.
Indeed, using simple geometric forms to approximate solute particles has long
been a hallmark of x-ray and neutron scattering studies, and continues to figure
in a variety of other disciplines. Here we demonstrate that the molecular enve-
lope of a biological molecule of interest may be represented by the affine trans-
formation of a single geometric shape, and show that models thus obtained
show excellent agreement to experimental small-angle scattering data. In
one example, each of the theoretical small-angle scattering curves of the Fab
and Fc units of immunoglobulins, structures which contain central structural
cavities, was convincingly modeled as the single linear affine transformation
of a torus, optimized against the experimental scattering from that molecule;
a more complex toroidal model, comprising three tori representing the intact
immunoglobulin, also well fit the corresponding experimental data. The
same method of affine transformation of a geometric shape to determine an
overall shape model was then shown to generalize to other proteins and mac-
romolecular assemblies, suggesting that the method of may prove widely
applicable.
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The outer membrane of Gram-negative bacteria is a highly specialized structure
that lies outside the cytoplasmic membrane and peptidoglycan layer and formsthe interface between the cell and its external environment. The outer mem-
brane constitutes a physical and functional barrier between the cell body and
its surroundings which effectively controls access of solutes and external agents
to the cytoplasmic membrane. The main function of OmpF is to facilitate the
translocation of hydrophilic solutes with molecular mass upto 600 Da across
the outer membrane. Ion selectivity, the property of porins in distinguishing
charged ions is greatly affected by the electrostatics due to the presence of
acidic and basic amino acid residues in the pore constriction zone. Detailed ex-
perimental and theoretical approaches including MD, BD and continuum elec-
trodiffusion modeling revealed the importance of electrostatic interactions on
the transport of cations and anions across the channel. Several computational
studies have identified separate pathways for the flow of cations and anions
along the OmpF pore. To probe this prediction experimentally, we report
here the results from anomalous X-ray scattering data from rubidium and bro-
mide revealing the permeation of cations and anions along the entire length of
the OmpF channel.
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Traditional X-ray crystallography measures the intensities of photons scattered
into sharp Bragg peaks, yielding the average structure for a protein in the crys-
talline state. Diffuse X-ray scattering measures the non-Bragg signal which is
spread throughout the (reciprocal) space between Bragg reflections. This dif-
fuse scattering signal encodes the fluctuations in the protein crystal structure
due to atomic and molecular disorder. In this study we analyze the X-ray dif-
fuse scattering from a protein binding protein (from Bacillus halodurans,
3K9I). The data can be accounted for using a simple Markov model for the
crystal disorder. This model allows for determination of the correlation coeffi-
cients for displacements between nearest neighbor protein molecules in the
crystal lattice.
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Particles in biotherapeutics are disadvantageous, as they are believed to be re-
sponsible for an adverse immunogenic response in patients, making investiga-
tion of factors leading to protein instabilities a high priority. The exposure of
protein therapeutics to various interfaces during manufacturing, storage and
shipment procedures can be a potential cause of the formation of insoluble par-
ticulates observed in final formulations. One of the proposed mechanisms for
interface-induced aggregation is desorption of protein microparticles from pro-
tein films previously formed on the walls of various pipes and containers.
Therefore, the surface-associating properties of proteins on pharmaceutically
relevant materials can play an important role and should be taken into consid-
eration while developing a protein-stabilizing strategy. Neutron reflectivity
(NR) bears the potential as a powerful and non-invasive tool to investigate
the structural properties of the films during adsorption/desorption of biomole-
cules on various surfaces, both under static and flow conditions.
Here we present the results of NR measurements on Silicon Oxide (SiO2) films
exposed to alpha-chymotrypsinogen A (aCgn) and immunoglobulin G (IgG) at
high concentrations. The initial observations on the adsorption behavior of
these two proteins indicate significant similarities: they both adsorb into a dense
protein phase resting on a well-hydrated intervening sub-layer. However, the
structural characteristics of the protein layers formed upon desorption are strik-
ingly distinctive. Finally, we are able to investigate the changes in the solution
structure of the desorbed proteins by complimenting our studies with CD, fluo-
rescence quenching and SANS techniques. These findings serve as the first cru-
cial steps toward providing a link between protein adsorption/desorption
dynamics and particle formation.
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